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Monoclinic, P2^/c 
a = 9.4166 (6) A 
b = 9.5369 (7) A 
c = 15.1662 (11) A 
P = 100.033 (4)° 
V = 1341.17 (16) A 3 

Data collection 

Bruker SMART APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
Tna,, = 0.531, T milx = 0.746 

Refinement 

R[F 2 > 2a(F 2 )} = 0.035 

wR(F 2 ) = 0.094 

S = 1.06 

3098 reflections 

182 parameters 



Mo Ka radiation 
ii = 3.21 mm~' 
T = 173 K 

0.31 x 0.24 x 0.13 mm 



12376 measured reflections 
3098 independent reflections 
2567 reflections with / > 2a(I) 
R,„. = 0.035 



83 restraints 

H-atom parameters constrained 
Ap»ax = 0.54 e A~ 3 
Ap mi „ = -0.64 e A -3 



Received 3 May 201 1 ; accepted 6 May 201 1 

Key indicators: single-crystal X-ray study; T = 1 73 K; mean rj(C-C) = 0.004 A; 
disorder in main residue; R factor = 0.035; wR factor = 0.094; data-to-parameter 
ratio = 1 7.0. 

In the title compound, C 14 H 15 Br0 2 S, the cyclopentyl ring 
adopts an envelope conformation. In the cyclopentyl ring, two 
adjacent C atoms are disordered over two sets of sites with 
site-occupancy factors of 0.618 (11) and 0.382 (11). In the 
crystal, molecules are linked through weak intermolecular C— 
H- ■ O hydrogen bonds. 

Related literature 

For the biological activity of benzofuran compounds, see: 
Aslam et al. (2009); Galal et al. (2009); Khan et al. (2005). For 
natural products with benzofuran rings, see: Akgul & Anil 
(2003); Soekamto et al. (2003). For structural studies of related 
5-bromo-3-cyclohexylsulfinyl-2-methyl-l-benzofuran deriva- 
tives, see: Choi et al. (2011a,fo). 




Experimental 

Crystal data 

C 14 H 15 Br0 2 S M T = 327.23 



Table 1 

Hydrogen-bond geometry (A, °). 



D-H-A 


D—H 


H-A 


D- ■ A 


D-H-A 


C3-H3- ■ 02' 


0.95 


2.46 


3.392 (3) 


169 


Symmetry code: (i) 


— x, — y + 1, — z. 









Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 (Farrugia, 1997) and DIAMOND (Brandenburg, 1998); 
software used to prepare material for publication: SHELXL97. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: QK2009). 
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5-Bromo-3-cyclopentylsulfinyl-2-methyl-l-benzofuran 
P. J. Seo, H. D. Choi, B. W. Son and U. Lee 

Comment 

Recently, many compounds having a benzofuran skeleton have attracted much attention due to their diverse pharmacological 
properties such as antibacterial and antifungal, antitumor and antiviral, and antimicrobial activities (Aslam et al, 2009, 
Galal et al., 2009, Khan et al, 2005). These benzofuran derivatives occur in a wide range of natural products (Akgul & 
Anil, 2003; Soekamto et al, 2003). As part of our ongoing program of the substituent effect on the solid state structures 
of 5-bromo-3-cyclohexylsulfinyl-2-methyl-l-benzofuran analogues (Choi et al, 2011a, b), we report herein the crystal 
structure of the title compound. 

In the title molecule (Fig. 1), the benzofuran unit is essentially planar, with a mean deviation of 0.012 (2) A from the 
least-squares plane defined by the nine constituent atoms. The cyclopentyl ring is in the envelope form. In the cyclopentyl 
ring, two C atoms (C12 & C13) are disordered over two positions with site-occupancy factors, from refinement of 0.62 (1) 
(part A) and 0.38 (1) (part B). The crystal packing is stabilized by weak intermolecular C — H-O hydrogen bonds; the first 

one between a benzene H atom and the O atom of the sulfinyl group (Table 1; C3 — H3 - 02 1 ), and the second one between 

a cyclopentyl H atom and the furan O atom (Table 1; Cll— HllC-Ol 11 ). 

Experimental 

77% 3-chloroperoxybenzoic acid (269 mg, 1.2 mmol) was added in small portions to a stirred solution of 5-bromo-3-cyc- 
lopentylsulfanyl-2-methyl-l -benzofuran (373 mg, 1.2 mmol) in dichloromethane (30 mL) at 273 K. After being stirred at 
room temperature for 4h, the mixture was washed with saturated sodium bicarbonate solution and the organic layer was 
separated, dried over anhydrous magnesium sulfate, filtered and concentrated at reduced pressure. The residue was purified 
by column chromatography (hexane-ethyl acetate, 1 : 1 v/v) to afford the title compound as a colorless solid [yield 71%, m.p. 
405-406 K; Rf — 0.66 (hexane-ethyl acetate, 1 : 1 v/v)]. Single crystals suitable for X-ray diffraction were prepared by slow 
evaporation of a solution of the title compound in ethyl acetate at room temperature. 

Refinement 

All H atoms were positioned geometrically and refined using a riding model, with C — H = 0.95 A for aryl, 1.00 A for 
methine, 0.99 A for methylene and 0.98 A for methyl H atoms, respectively. (7i S0 (H) = 1.2C/ e q(C) for aryl, methine, and 
methylene, and 1.5C/ e q(C) for methyl H atoms. Two C atoms of the cyclopentyl ring are disordered over two positions with 
site-occupancy factors, from refinement of 0.62 (1) (part A) and 0.38 (1) (part B). The distance of equivalent C-C pairs 
was restrained to 0.001 A using commd SADI and DELU, and displacement ellipsoids of C12 and C13 set were restrained 
to 0.01 using command ISOR. 
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Fig. 1. The molecular structure of the title compound with the atom numbering scheme. Dis- 
placement ellipsoids are drawn at the 50% probability level. H atoms are presented as a small 
spheres of arbitrary radius. 



5-Bromo-3-cyclopentylsulfinyl-2-methyl-1-benzofuran 



Crystal data 
C 14 H 15 Br0 2 S 
M,-= 327.23 
Monoclinic, P2\lc 
Hall symbol: -P 2ybc 
a = 9.4166 (6) A 
6 = 9.5369 (7) A 
c= 15.1662 (11) A 
P= 100.033 (4)° 

V= 1341.17 (16) A 3 
Z=4 



^(000) = 664 

D x = 1.621 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 5053 reflections 

6 = 2.5-27.4° 

li = 3.21 mm 1 

T= 173 K 

Block, colourless 

0.31 x 0.24 x 0.13 mm 



Data collection 



Bruker SMART APEXII CCD 
diffractometer 

Radiation source: rotating anode 
graphite multilayer 

Detector resolution: 10.0 pixels mm" 1 
(p and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
T min = 0.531, T max = 0.746 
12376 measured reflections 



3098 independent reflections 

2567 reflections with / > 2a(7) 
Rint = 0.035 
"max ~~ 27.6 , 6 m i n — 2.2 
^ = -12— *12 

Jt = -ll-»12 

/= 19^18 



Refinement 

2 Primary atom site location: structure-invariant direct 

Refinement on F methods 

Least-squares matrix: full Secondary atom site location: difference Fourier map 

R[F 2 > 2a(F 2 )] = 0.035 Hydrogen site location: difference Fourier map 

wR(F 2 ) = 0.094 H-atom parameters constrained 

S = 1 .06 w = l/[o 2 CFo 2 ) + (0.0474P) 2 + 0.9434P] 
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3098 reflections 
182 parameters 
83 restraints 



where P = (F 0 2 + 2F c 2 )/3 
(A/o) max < 0.001 

Apmax = 0.54 e A~ 3 

Apmin = -0.64 e A -3 



Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds 
in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used 
for estimating esds involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , convention- 

2 2 2 

al R-factors R are based on F, with F set to zero for negative F . The threshold expression of F > 2sigma(F ) is used only for calculat- 

2 

ing R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F are statistically about twice 
as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters 
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CI 


0.3266 (2) 
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0.11348 (16) 
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H3 


0.1667 


0.3424 
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C4 


0.3415 (3) 
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Atomic displacement parameters (A 2 ) 
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Geometric parameters (A, °) 

Brl— C4 1.900 (3) C10— H10 1.0000 

SI— 02 1.487(2) Cll— C12A 1.519(4) 

SI— CI 1.761(2) Cll— C12B 1.519(4) 

SI— C10 1.805 (2) Cll— H11A 0.9900 

Ol— C8 1.375 (3) Cll— HUB 0.9900 

Ol— C7 1.377 (3) Cll— H11C 0.9900 

CI— C8 1.351(4) Cll— H11D 0.9900 
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P11 piia unA 
C 1 1 — CI 2A — H 1 2A 


111 o 
111.0 


p/i pi pi 
C4 — — C2 


llo. / (z) 


pn a pita unA 
C 1 J A — C 1 2 A — H 1 2A 


111 o 

111.0 


P/1 pa m 

C4 — CJ — HJ 


121.0 


P11 pnA uno 
Cll — C12A — H12B 


1 1| Q 

111.8 


PI PQ U1 

Cz — CJ — HJ 


Izl.o 


pn a pn a ui id 
CI J A — C12A — H12B 


111 o 

111.0 


pi p/i pc 
CJ — C4 CD 


IzJ.l (J) 


unA pnA unr> 
H 1 2A — C 1 2A — H 1 2B 


1 aa /: 
1U9.0 


pi P/l d i 
CJ — C4 — Brl 


110.40 (19) 


pn pn a pnA 
C14 — CI J A — C12A 


1 A1 C I A\ 

1UJ.0 (4) 


pc p/i i 
Cj — C4 Brl 


110.4 (1) 


pn pn a un a 
C14 — CI J A — HI JA 


1 1 1 A 
111.0 


p/: pc p/i 
Co — CD — C4 


1 TA A 
12U.U (2) 


piia pn a un a 
C 1 2 A — C 1 J A — H 1 J A 


1 1 1 A 
111.0 


p/: pc uc 
Co — CD — HD 


1 1 A A 

12U.U 


pii pn a ui id 
C14 — CI JA — HUB 


1 1 1 A 
111.0 


P/1 PC UC 

C4 — CD — HD 


1 TA A 
12U.U 


pn a pnA ui id 
C 1 2 A — C 1 J A — H 1 JB 


1 1 1 A 
111.0 


/' ■ -7 p/r PC 

C / — Co — CD 


1 1 /. 1 (2) 


un a pn a unD 
H 1 J A — C 1 J A — H 1 JB 


1 AA A 
1U9.0 


P^7 P*C U£ 

C / — Co — Ho 


121. D 


P11 P11D pi on 

Cll — C12B — CI JB 


1 AC O 1 Z\ 

lUD.O (D) 


pc p/: u£ 
CD — Co — Ho 


121. D 


P11 pnr> unp 
C 1 1 — CI 2B — H 1 2C 


1 1 A £ 
11U.0 


p/: p~7 p.1 
Co — C / — (J 1 


11C A 

12D.9 (2) 


pnD pnn unp 
CI JB — C12B — H12C 


1 1 a /; 
1 1U.0 


p/: p~7 p^ 
Co — C / — Cz 


12J. / (J) 


P11 pnn unn 
Cll — C12B — HI 2D 


1 1 a /; 
11U.0 


p.1 p~7 p^ 
Ul — C/ — Cz 


1 1 A A /">\ 

11U.4 (2) 


pnr> pnr> unn 
CI JB — C12B — H12D 


1 1 a /: 
11U.0 


p 1 po p. 1 
CI — Co — Ul 


1 1 A A 

110.9 \2) 


unp pnr> unn 
H 1 2C — C 1 2B — H 1 2D 


1 AO "7 
1U0. / 


pi po pa 
CI — Co — C9 


1J4.2 (2) 


pi a piid pnr> 
C14 — CI JB — C12B 


AO A 1 Z\ 

98. U (D) 


p.1 po pa 

Ul — Co — C9 


115.0 (2) 


Pi/i piid imp 
C14 — CI JB — HI JC 


112.2 


C8 — C9 — H9A 


109.5 


C12B— C13B— H13C 


112.2 


C8— C9— H9B 


109.5 


C14— C13B— H13D 


112.2 


H9A — C9 — H9B 


109.5 


C12B— C13B— H13D 


112.2 


C8— C9— H9C 


109.5 


H13C— C13B— H13D 


109.8 


H9A — C9 — H9C 


109.5 


C13B— C14— C10 


105.9 (4) 
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i in i) pa i iiu' 
Hysi — Cy — riyC 


1 aa £ 


pi i /i ni a P 1 1 

C14 — C1U — CI 1 


1 a/; a i"t\ 
lUo.U (2) 


pi i a ni n ci 

C 1 4 — C 1 U — b 1 


lift /IT /1Q\ 

11U.42 (16) 


CI 1 — C1U — bl 


1 A A 1 A i 1 A\ 

iuy.34 (iy) 


p 1 /I PIP TT 1 A 

C14 — C1U — H1U 


110.3 


Pi i pin 1 1 1 n 

CI 1 — C1U — rilU 


1 1 A 1 

111). 3 


ci nn it 1 a 
M — C1U — rilU 


1 1 A 1 
11U.J 


pita nii pip 

C1ZA — CI 1 — C1U 


105.1 (3) 


( • 1 -V D pi | pip 

C1ZB — CI 1 — C1U 


102.y p) 


PITA p 1 1 U1 1 A 

C1ZA — CI 1 — rll 1A 


11U. / 


PHD P11 TT11A 

CIZd — CI 1 — HI 1A 


57.3 


pip P11 U| 1 A 

C1U — CI 1 — rll 1A 


110./ 


pi 7 A pi 1 \\\ 1R 

V 1 V 1 1 1 1 1 ID 


1 1 n 7 


C12B — CI 1 — HUB 


133.5 


CIO — CI 1 — HUB 


110.7 


H11A — CI 1 — HUB 


108.8 


C12A — Cll — H11C 


86.0 


C12B — Cll — H11C 


111.2 


C 1 p 1 po 

OZ — bl — CI — Co 


1 lo.Z (1) 


p| A ci p 1 PO 

C 1 U — b 1 — C 1 — Co 


1 TA A f)\ 

— izy.y (Z) 


(\-) c 1 p 1 pi 

UZ — b 1 — C 1 — CZ 


-54.7 (2) 


P1 A ci p 1 PO 

C 1 U — b 1 — C 1 — CZ 


J / .Z (Z) 


PO pi pO pQ 

Co — C 1 — CZ — Ci 


1 *70 a /Q \ 

1 /o.y (i) 


C 1 P 1 pi PQ 

b 1 — C 1 — CZ — C i 


-7.3 (4) 


PQ pi PO p-7 

Co — C 1 — CZ — C / 


A 1 /"3\ 

-0.1 (3) 


C 1 P 1 pi p-7 

bl — CI — CZ — C/ 


1 11 /CO /"l PA 

1 /i.oo (iy) 


p-7 PO PQ p /I 

C / — CZ — C i — C4 


1.0(3) 


p 1 PO pQ p /I 

C 1 — CZ — C i — C4 


1 "7*7 A /I \ 

—i / /.y (i) 


pi PQ P/1 pC 

CZ — Ci — C4 — C J 


-1.4 (3) 


( •-) pq p/| r>-1 

CZ — Ci — C4 — r>r 1 


1 7Q C£ /"1 7\ 


PQ P/1 ( • Z P/T 

Ci — C4 — C J — C 0 


(\(\{A\ 

U.U (4 ) 


D- 1 p A pc P/T 

Br 1 — C4 — CD — Co 


1 *7A A 

i /y.u (Z) 


P/1 PC P - /C p-7 

C4 — CD — Co — C / 


1.7 (4) 


PC p/: p-7 p,i 

CD — Co — C / — U 1 


1 n o po\ 
1 / /.0 (Z) 


PC P/C p-7 PO 

Cj — Co — C / — CZ 


-2.2 (4) 


PQ pil P"7 P/C 

Co — U 1 — C / — Co 


1 *7A A 

—i /y.y (zj 


PO ( \ 1 p-7 PO 

Co — U 1 — C / — CZ 


0.1 (3) 


pi po PO" P/C 

Ci — CZ — C / — Co 


0.8 (4) 


P1 PT P"7 P/C 

C 1 — C2 — C7 — Co 


1 OA A ZO\ 

180.0 (2) 


C3— C2— C7— Ol 


-179.2 (2) 


CI— C2— C7— Ol 


0.0 (3) 


C2— CI— C8— Ol 


0.1 (3) 


SI— CI— C8— Ol 


-174.09 (16) 


C2— CI— C8— C9 


-179.5 (3) 



C13A— C14— C10 103.6(3) 

C13B— C14— H14A 83.4 

C13A— C14— H14A 111.0 

C10— C14— H14A 111.0 

C13B— C14— H14B 132.5 

C13A— C14— H14B 111.0 

C10— C14— H14B 111.0 

H14A— C14— H14B 109.0 

C13B— C14— H14C 110.6 

C13A— C14— H14C 134.9 

C10— C14— H14C 110.8 

H14B— C14— H14C 83.1 

C13B— C14— H14D 110.5 

C13A— C14— H14D 84.7 

C10— C14— HMD 110.4 

H14A— C14— H14D 130.1 

H14C— C14— H14D 108.7 

SI— CI— C8— C9 6.3 (4) 

C7— 0 1 — C8— C 1 -0.2(3) 

C7— Ol— C8— C9 179.5 (2) 

02— SI— C10— C14 175.88 (18) 

CI— SI— C10— C14 64.7 (2) 

02— SI— C10— Cll -67.9(2) 

CI— SI— C10— Cll -179.06 (19) 

C14— C10— Cll— C12A -19.1 (4) 

SI— C10— Cll— C12A -138.2(4) 

C14— C10— Cll— C12B 8.5(5) 

SI— C10— Cll— C12B -110.5(5) 

C12B— Cll— C12A— C13A -48.7(8) 

C10— Cll— C12A— C13A 40.2(7) 

Cll— C12A— C13A— C14 -46.9(8) 

C12A— Cll— C12B— C13B 63.3(8) 

C10— Cll— C12B— C13B -34.7(10) 

Cll— C12B— C13B— C14 46.2 (11) 

C12B— C13B— C14— C13A 49.8(6) 

C12B— C13B— C14— C10 -39.8(9) 

C12A— C13A— C14— C13B -62.9(8) 

C12A— C13A— C14— C10 35.4 (7) 

Cll— C10— C14— C13B 20.3(5) 

SI— C10— C14— C13B 138.6 (5) 

Cll— C10— C14— C13A -10.0(4) 

SI— C10— C14— C13A 108.3 (4) 



Hydrogen-bond geometry (A, °) 

D—H-A D — H H-A D-A D—H-A 

C3— H3-02 i 0.95 2.46 3.392 (3) 169 
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Symmetry codes: (i) —x, -y+\, —z. 
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